The direct-count method using a fluorescent dye and the epifluorescent microscope to count aquatic bacteria has been widely adopted. It is far from a routine procedure, however, and many different dyes, membrane filters, and microscopes have been tested. We report here modifications of the technique that allow the use of Nuclepore filters.
The criteria for a successful direct-counting technique are simple; all the bacteria must be retained by the filter, all the bacteria must be visible at the filter surface, and the staining and optical conditions must produce high contrast between the bacteria and the background. The problems in evaluating counting techniques are that almost all methods give numbers of some sort and all methods work very well with bacterial cultures where the cells are usually large and stain well. In spite of these problems, recent advances in microscopy (dichroic mirrors, improved filters, cheaper lamps) and membrane filters (dyed cellulose) have resulted in several techniques that give similar results with bacteria from nature (e.g., Fliermans et al. [4] with fluorescein isothiocyanate, Jones and Simon [6] with euchrysine, and Francisco et al. [5] and Daley and Hobbie [2] with acridine orange). However, it is well known that the cellulose membrane filters have a very rough surface (1, 8) (Fig. 1) . In the surface waters of a pond, a reservoir, and an estuary (Burrard Inlet), the ratio was 0.42 to 0.56 (Table 2 ). When the filtrate that passed through the cellulose filter was passed through a Nuclepore filter, less than 1% of the original number of cells was found (Table 2) ; therefore, the cellulose filter is trapping the bacteria, but some of them are held inside where they cannot be seen. Bacteria in the oceans are equally small. Ferguson and Rublee (3) found that most were cocci of 0.5 ,um or less in diameter; our observations agree. Oceanic bacteria are also quite abundant, and 6.3 x 106/ml were counted in rich coastal waters off southern Africa (Hobbie, unpublished data). In deeper waters off Africa, 1.6 x 106/ml were found at the surface and 34 x 103/ml at a depth of 4,200 m. In view of the large number of adenosine 5'-triphosphate measurements that have been carried out with glassfiber filters, it is noteworthy that between 57 and 69% of the bacteria in waters off Africa passed through a Whatman GF/C filter.
It is very important to have good contrast between the weakly staining bacteria and the Nuclepore background. Both the irgalan black dye and the correct optical filters enhance this contrast. We find that a filter combination that passes blue light from 455 to 490 nm reduces autofluorescence a great deal. The Zeiss filter cube is so efficient that the cheap and conven- a At least 400 cells were counted, so the 95% confidence interval is the mean ± 10%. ient 100-W halogen lamp may be used. The Leitz filters apparently still need the more powerful Hg lamps, but both microscopes give excellent results. R. T. Wright (personal communication) has also had good results with an American Optical Co. microscope.
When the concentration of the AO is kept relatively low, the dye appears to interact with the nuclear material of bacteria in exactly the same way that AO interacts with mammalian nucleic acids (e.g., 7, 10). Thus, bacteria grown at high growth rates in batch or continuous culture will fluoresce red-orange due to the predominant ribonucleic acid (RNA). The random coil of the RNA allows so many AO molecules to attach and interact that the AO fluoresces as a dimer. In contrast, inactive bacteria have mostly deoxyribonucleic acid (DNA) and fluoresce green; the rigid structure of the double helix allows fewer AO molecules to attach, they do not interact, and the AO fluoresces as a monomer. In living bacteria, the DNA fluorescence is always present but is sometimes masked by the great amounts of RNA. Fixation with aldehyde does not change the nucleic acids, so the green and red distinction will continue after cell death. However, when the bacteria are heated, the double-stranded DNA NUMBER OF BACTERIA breaks down to single-stranded DNA and a red fluorescence results (7) . Recombination is prevented by the presence of an aldehyde. Thus, both the most active and the dead bacteria will fluoresce red with this concentration of AO. A green fluorescence, the most common occurrence in nature, implies inactivity or very slow growth. When both green and red fluorescence are present, this appears yellow to the eye. These observations may well lead to a microspectrophotometric technique for looking at the ratio of RNA to DNA in individual cells from nature. This could give information about the amount and location of bacterial activity.
Filtration onto the Nuclepore filter appears to be the best way to make a direct count of bacteria. This method has been verified by a comparison of counts of bacteria on a Nuclepore filter with this method, with the scanning electron microscope (1), and with carbon replica and transmitted electron microscope techniques (9) . In addition, the Limulus lysate method for detecting lipopolysaccharides (9) 
